Biopharmaceuticals are complex molecules produced by living cells. Copies of these drugs, called biosimilars, are not identical to their reference medicine, and therefore specific regulatory requirements for registration apply. Pharmaceutical quality evaluation requires a complete dossier and a detailed comparative analysis to the reference drug. However, nonclinical and clinical requirements are much less extensive compared to the requirements for an innovator. Therefore, at the time of introduction onto the market, only limited clinical experience is available for the biosimilar. Differences of 15%-30% between the acquisition price of biosimilars and their corresponding reference biopharmaceuticals have been suggested in the literature. Although the percentage price difference between reference biopharmaceuticals and biosimilar medicines may be limited, absolute savings are still likely to be substantial when calculated with respect to expensive reference biopharmaceutical medicines. Although an economic evaluation needs to be carried out in an increasing number of European countries to inform reimbursement decisions, uncertainty exists about how such an economic evaluation should be conducted for a biosimilar. The assessment of the cost-effectiveness of a biosimilar for reimbursement purposes depends primarily on the relative efficacy, given that a biosimilar is likely to be less expensive than the reference biopharmaceutical. To date, the question of meaningful differences in efficacy between biosimilar and biopharmaceutical drugs has not been answered. Due to a lack of demand-side incentives, biosimilar medicines have enjoyed limited success in Europe to date. Other factors that inhibit the market accessibility of biosimilars include the limited number of companies that have the expertise and the financial ability to manufacture, gain marketing authorization for, and commercialize biosimilars; physician brand loyalty to reference biopharmaceutical medicines; application of rebate contracts to reference biopharmaceutical medicines following expiry of protection; and life-cycle management strategies of companies marketing reference biopharmaceutical medicines.
Introduction
Biopharmaceuticals, also called "biological medicinal products" or "biological medicines," are drugs whose active drug substance is made by or derived from a living organism by means of recombinant DNA and/or controlled gene-expression methods. These products are polypeptides, (glyco)proteins, complex polysaccharides, and/or nucleic acids that have much more complex molecular characteristics than smallmolecule drugs.
The composition of the marketed biopharmaceutical product is influenced by many variables, such as the type of expression system (eg, bacteria, yeast, mammalian cells), the growth conditions, the purification process, the actual formulation, and the conditions during storage and transport. Thus, for biopharmaceuticals, "the process defines the product." During cellular synthesis, these structures are often modified by post-translational modifications such as glycosylation phosphorylation, sulfation, methylation, acetylation, and hydroxylation, which may affect biological activity and which results in an intrinsic molecular heterogeneity. This heterogeneity is further increased by varying degrees of peptide denaturation, aggregation, oxidation, and degradation. Since this structural variability is substantial and can be very subtle, the currently available analytical techniques are insufficient to fully characterize them. In contrast, lowmolecular weight, small-molecule drugs are produced by well-controlled and highly reproducible chemical reactions; they are molecules with a small, well-defined and stable chemical structure, and can be completely characterized by analytical methods. 1, 2 Importantly, and in contrast to small-molecule drugs, biopharmaceuticals are potentially immunogenic. In this respect, subtle structural differences (eg, consequent to small differences in the number and type of product variants) may significantly affect the immunogenic potential of the drug product. 3, 4 For instance, a study demonstrated that recombinant human insulin was less immunogenic than porcine insulin, but still led to the development of antibodies in 44% of diabetic patients. 5 On the other hand, product-or processrelated impurities can also provoke an immune response. 1, 6 When all intellectual property protection, data, and marketing exclusivity for the reference biopharmaceutical have expired, "copying" and marketing of these biological substances can be offered by any other biotech company. To date, biosimilars of recombinant human erythropoietins (epoetin alfa and epoetin zeta), granulocyte colony-stimulating factors (filgrastim), and human growth hormones (somatropin) have entered the European market (see Table 1 ). Even though protection placed on biopharmaceutical low-molecular weight heparins and recombinant human insulins expired a few years ago, no biosimilar versions are available yet. Currently (July 2012), three applications for biosimilar versions of human insulin and one application for a biosimilar version of follitropin alfa are under evaluation by the European Medicines Agency (EMA). Also, the first application for a biosimilar version of a monoclonal antibody, ie, infliximab, is under evaluation by the EMA. Consequent to the proximate patent expiry of other monoclonal antibody-based biopharmaceuticals (eg, rituximab, trastuzumab, adalimumab), more biosimilar versions of monoclonal antibodies are to be expected in the near future.
The European Union (EU) has paved the way in establishing a regulatory framework for the marketing authorization of biosimilars, based on comparative quality and clinical pharmacokinetic studies, nonclinical studies, clinical pharmacodynamic studies, and limited toxicology studies, as well as comparative clinical efficacy and tolerability studies. In the USA, a regulatory framework was established in 2010, 7 but no biosimilar product has been approved under this framework to date.
The market accessibility of biosimilars may reduce costs to patients and social security systems. In general, the literature expects biosimilar medicines to be around 15% to 30% cheaper than reference biopharmaceutical medicines. 8, 9 For instance, a European analysis observed that in 2009, the percentage price difference between reference biopharmaceuticals and biosimilar medicines amounted to 14% for somatropin, 17% for erythropoietin, and 35% for filgrastim. 10 The market accessibility of biosimilars is also motivated by key government objectives related to, for instance, building manufacturing capabilities within a country. In this respect, some European countries have implemented industrial policies to encourage the development of biological products. 11 The aim of this article is to introduce and describe specific issues related to the market accessibility of biosimilars in the EU by focusing on their registration, pricing, reimbursement, prescribing, and dispensing.
Registration
Biopharmaceuticals are made by living cells. Because of their intrinsic complexity and because no two cell lines, developed independently, can be considered identical, biopharmaceuticals cannot be fully copied. This is recognized by the European regulatory authorities and has resulted in the establishment of the term "biosimilar" in recognition of the fact that, while biosimilar products are similar to the original product, they are not exactly the same. 12, 13 European legislation has included specific guidelines for the approval of biosimilars since 2005.
The requirements for approval of generics are generally considered by European regulatory authorities to be inadequate for establishing the quality, efficacy, and safety of biosimilars. For instance, for a generic, low-molecular weight, small-molecule drug, it is sufficient to demonstrate comparable quality and a comparable clinical pharmacokinetic profile − ie, bioequivalence − with a reference (innovator) product, to obtain regulatory approval. 14 Because biosimilars are similar but not identical to the original product, the EMA not only requires comparative quality and clinical pharmacokinetic studies, but also nonclinical studies, clinical pharmacodynamic studies, and limited toxicology studies, as well as comparative clinical efficacy and tolerability studies. 13, 15, 16 However, nonclinical pharmacokinetics, safety pharmacology, reproduction toxicology, mutagenicity, and carcinogenicity studies are not mandatory for approval of a biosimilar, in contrast to the reference biopharmaceutical.
The guideline for quality requirements by the Committee for Medicinal Products for Human use (CHMP) 16 states that the active substance in a biosimilar should be similar to the one in the reference product. Demonstration of similarity requires tests for the biosimilar's comparability to the chosen reference product. This implies the use of appropriately selected state-of-the-art analytical methods and includes the comparative evaluation of physicochemical parameters, biological activity using relevant bioassays, and a qualitative and quantitative comparative assessment of purity and impurity profiles. The guideline also indicates that "it is not expected that the quality attributes in the similar biological and reference medicinal products will be identical." 16 However, the CHMP requires that any difference in the quality attributes between the biosimilar and its reference product should be justified in relation to its potential impact on efficacy and tolerability. The existence of differences in quality attributes between a biosimilar and the reference product is reported in the European public assessment reports made available upon approval of the biosimilar. 17 On the other hand, the use of a distinct international nonproprietary name (eg, epoetin zeta as the active drug substance in a biosimilar with a reference biological product containing epoetin alfa as the active drug substance) also implies differences between the biosimilar and the reference product.
The general nonclinical and clinical requirements for a biosimilar were published by the CHMP in 2006. 15 These are much fewer compared to the requirements for an innovator, implying that less de novo evidence is required of biosimilars than of innovators. The principle is based mainly upon data obtained by comparative studies (biosimilar versus reference). In addition to the general nonclinical and clinical guidelines, product class-specific annexes to these guidelines have also been adopted for biosimilars containing as their active substances recombinant interferon alpha, recombinant granulocyte-colony stimulating factor, recombinant somatropin, recombinant insulin, low-molecular-weight heparins, and/or recombinant erythropoeitins. A draft guideline for biosimilars containing monoclonal antibodies, as well as concept papers, for biosimilars containing recombinant interferon beta and recombinant follicle-stimulation hormone have been released for consultation. According to CHMP guidelines, nonclinical comparative tests should in general comprise in vitro studies (eg, receptor-binding studies or cell-based assays), as well as in vivo pharmacodynamic studies. In addition, given the immunogenic potential of biopharmaceuticals, at least one repeat-dose toxicity study should be performed, including toxicokinetic measurements such as determination of antibody titers, cross-reactivity, and neutralizing capacity.
CHMP guidelines also state that clinical studies for regulatory approval of a biosimilar should include comparative pharmacokinetic and pharmacodynamic studies in healthy volunteers, followed by comparative efficacy and tolerability trials. The guideline states specifically "The clinical comparability exercise is a stepwise procedure that should begin with pharmacokinetic (PK) and pharmacodynamic (PD) studies followed by clinical efficacy and safety trial(s) or, in certain cases, pharmacokinetic/pharmacodynamic (PK/PD) studies for demonstrating clinical comparability." The latter studies are usually only performed in the most sensitive and most relevant target patient population(s). In certain cases, therapeutic similarity demonstrated in one indication may be extrapolated to other indications of the reference medicinal product. However, extrapolation remains a matter of debate, especially when different indications imply the use of significantly different doses 18 or where extrapolation to use in healthy individuals is concerned (eg, use of filgrastim for stem-cell mobilization and collection in healthy donors).
On the other hand, the CHMP puts special emphasis on assessment of the clinical tolerability of a biosimilar, because of its potential immunogenicity. CHMP guidelines also state that the risk of immunogenicity may differ depending on the patient's underlying disease, on the stage of the disease, and on the therapeutic indication of the product. For instance, the probability of an immune response may be higher for chronic infections (since the immune system of the patient is in an activated state) than for conditions where the immune system is impaired (eg, advanced metastatic disease, organ failure). 19 Since immunogenicity is a long-term event, gathering of immunogenicity data after marketing authorization remains an important prerequisite.
Pricing
There are a number of reasons why price differences between reference biopharmaceuticals and biosimilar medicines are likely to be smaller than those observed between the originator and generic small-molecule medicines: • The development time for a biosimilar medicine is 5 to 8 years (consisting of 1-2 years for cell biology, 1 year for process analysis, 2-4 years for clinical studies, and 1 year for market approval) as compared to 3 years for a generic medicine. 20 • The research and development process needs to generate clinical trial data in order to gain marketing authorization.
For instance, a US study has estimated that the costs of biosimilar trials amount to US$10-$40 million. 21 • The need to set up manufacturing processes involves substantial expense and time: the required investment in manufacturing processes is expected to range from US$250 to US$450 million. 21 • There is the requirement in Europe to institute expensive post-marketing pharmacovigilance programs that follow up on the long-term safety and effectiveness of a biosimilar medicine. • Pricing regulations that typically apply to generic medicines, such as mandatory price discounts, referencepricing systems, and tenders, may also be imposed by European countries on biosimilar medicines. For instance, France has enforced price discounts on biosimilar erythropoietins and biosimilar human growth hormones. Germany has included biosimilar erythropoietins and biosimilar human growth hormones in their reference-pricing system. 22 Hospital purchases of biosimilar erythropoietins and biosimilar granulocyte colony-stimulating factors in the UK tend to be made by means of tendering, in which safety, efficacy, availability, cost-effectiveness, and price are the most important purchasing criteria. 23 This cost picture not only increases prices of biosimilar medicines, but also is expected to limit the number of biosimilar companies that enter the market and thus reduce price competition in the off-patent biopharmaceutical market. 24 The price difference between reference biopharmaceuticals and biosimilar medicines may also depend on their respective market shares: more substantial price differences have been documented in countries where biosimilars attained a higher market share. For instance, in Germany, biosimilar erythropoietins had a market share by volume of approximately 14%-30% after 2 years on the market, and were priced at around 75% of the price of the reference biopharmaceutical medicine. In India, non-innovator a erythropoietins had a market share by volume of 40% and a price of 45%-75% of the price of the reference biopharmaceutical medicine. 26 Although the percentage price difference between reference biopharmaceuticals and biosimilar medicines may be limited, absolute savings are still likely to be substantial when calculated with respect to expensive reference biopharmaceutical medicines. For instance, if the top seven reference biopharmaceutical medicines were replaced by biosimilars that were 20% cheaper, the EU would save more than €2 billion per year. 27 Furthermore, thanks to the lower price of biosimilar filgrastim in the UK, many physicians moved filgrastim back to first-line treatment, thereby preventing hospital readmissions due to infection and enhancing access to health care.
Reimbursement
While registration of biosimilars is governed by the EMA regulatory framework, reimbursement is the national responsibility of each member state. An increasing number of European countries rely on the instrument of economic evaluation to inform their pharmaceutical reimbursement decisions. An economic evaluation is a comparative analysis of a health technology (eg, a biosimilar medicine) and a relevant comparator (usually the current standard of care) in terms of both their costs and health outcomes. 28 The appropriate comparator of a biosimilar tends to be the reference biopharmaceutical medicine. However, when a biosimilar is developed of an older reference biopharmaceutical medicine (eg, the filgrastim biosimilar of Neupogen ® , for preventing febrile neutropenia) for which a second-generation reference biopharmaceutical medicine has become the current standard of care (eg, Neulasta ® ), then it follows that the economic evaluation needs to compare the filgrastim biosimilar with the second-generation reference biopharmaceutical medicine. 29 The specific technique of economic evaluation to be applied depends on the interchangeability of the reference biopharmaceuticals and the biosimilar medicines. 30 Interchangeability needs to be established by appropriate comparative trials between the biosimilar and the reference biopharmaceutical medicine for a specific indication. Studies adequately designed to evaluate full interchangeability are currently lacking. In addition, the EMA may allow the extrapolation of data to another indication of the reference biopharmaceutical medicine, without a clinical evaluation of the biosimilar in this particular patient population.
If head-to-head trials point to equal efficacy of the biosimilar and reference biopharmaceutical medicine, the economic evaluation can take the form of a cost-minimization analysis, and the least expensive medicine needs to be recommended. 31 In this case, replacement of the reference biopharmaceutical medicine with the biosimilar will maintain health outcomes at reduced costs. 32 Reimbursement applications based on costminimization analyses have been considered in European countries for biosimilars of epoetin alfa, filgrastim, and somatropin. [33] [34] [35] If the biosimilar has a different efficacy than the reference biopharmaceutical medicine, a full economic evaluation needs to be conducted by means of a cost-effectiveness analysis, a cost-utility analysis, or a cost-benefit analysis. 31 In this case, the savings arising from less-expensive biosimilars need to be weighed against the impact on total costs and health outcomes. 32 For instance, if a biosimilar has lower efficacy than the reference biopharmaceutical medicine, therapy with the biosimilar may give rise to additional health-care costs (eg, additional physician consultations or hospitalization) and increased costs of productivity loss. Some reimbursement applications for biosimilars in European countries have considered two scenarios: in the first scenario, the biosimilar and the reference biopharmaceutical medicine have equal efficacy, and a cost-minimization analysis is carried out; in the second scenario, a full economic evaluation is conducted taking into account meaningful differences in efficacy between the biosimilar and the reference biopharmaceutical medicine. 36 Furthermore, such exercises have conducted sensitivity analyses, examining the impact of changes in relative efficacy on the cost-effectiveness of the biosimilar.
Prescribing and dispensing
Today, few European countries have implemented specific demand-side policies to prescribe or dispense biosimilar medicines. For instance, Belgium attempts to encourage the uptake of biosimilar medicines by including them in physicians' quotas for prescribing cheap medicines and by incorporating erythropoietins in the hospital lump sum financing system for medicines. In June 2011 in Germany, biosimilar erythropoietins attained a share of the erythropoietin market -25% by volume -resulting from the regional imposition of biosimilar erythropoietin quotas ranging from 10% to 40% and from physician loyalty to national biosimilar companies. In addition, health-insurance funds did not a Since no stringent guidelines exist in India, similarity is not always demonstrated, and therefore the term "biosimilar" is not justified. encourage the inclusion of reference erythropoietins in rebate contracts, following patent expiry. 37 One demand-side policy relates to the substitution of a biosimilar for a reference biopharmaceutical medicine, 30 which is a national responsibility of European countries. In practice, substitution by a pharmacist of a biosimilar for a reference biopharmaceutical medicine is not allowed in any European country 27 and is not recommended by the World Health Organization or by medical societies. [38] [39] [40] The EMA also advises that the physician should be in charge of the decision to switch between the reference and biosimilar, or vice versa. 41 In contrast, the US Food and Drug Administration can allow substitution of a biosimilar for a reference biopharmaceutical medicine without approval of the prescribing physician, but only on the condition that interchangeability has been proven. 24 Even if a European country were to allow substitution of a biosimilar for a reference biopharmaceutical medicine, it remains to be seen whether physicians who have gained long-term experience with prescribing reference biopharmaceutical medicines would be willing to switch existing patients to a biosimilar medicine. 25 In this respect, it should be noted that biosimilar medicines have gained a foothold in some European countries as the result of a strategy to persuade physicians to start new patients on a biosimilar rather than to switch existing patients. For instance, the market accessibility of the biosimilar filgrastim has been facilitated by its acute use in new patients, rather than having to rely on switching existing patients. In Hungary, new patients need to be treated with biopharmaceutical medicines that can be, at most, 5% more expensive than the cheapest available product. However, existing patients have the right to continue receiving the reference biopharmaceutical medicine. 10 Given that specific demand-side policies to promote the use of biosimilars are largely absent in European countries, biosimilar companies are likely to have to invest substantial resources in developing commercial strategies to create demand for biosimilars. 30 This may be achieved by means of direct negotiations with those who fund or pay for health care or by detailing biosimilars directly to physicians. 42
Market access
The market accessibility of biosimilar medicines is facilitated by the increased utilization and expanding indications of reference biopharmaceutical medicines; the current and imminent expiry of protection on major classes of biopharmaceutical medicines (eg, monoclonal antibodies); and the cost-containment measures introduced by many European countries in response to the current financial and economic crisis. However, in general, biosimilar medicines have enjoyed limited success in the EU to date. The market accessibility of biosimilars is inhibited by many factors: (1) the difficulties and expenses involved in manufacturing biosimilars; (2) the high cost of fulfilling regulatory requirements to obtain marketing authorization; (3) the limited number of companies that are able to manufacture and commercialize biosimilars; (4) the brand loyalty of physicians and patients to reference biopharmaceutical medicines; (5) the prohibition against substituting a biosimilar for a reference biopharmaceutical medicine; (6) the application of rebate contracts to reference biopharmaceutical medicines following expiry of protection; and (7) the life-cycle management strategies of companies that are marketing reference biopharmaceutical medicines (eg, developing second-generation reference biopharmaceutical medicines).
In light of the specific features of the market accessibility of biosimilar medicines discussed above, biosimilar markets in European countries are expected to be characterized by brand-to-brand competition between biosimilar and reference biopharmaceutical medicines rather than the brand-to-generic competition that is observed in some off-patent markets of small-molecule medicines. 30 This is, for example, reflected in the advice of the EMA to prescribe biosimilar medicines by brand name, as is already the case in countries such as Austria, the Czech Republic, and Germany. 25
Conclusion
Although this is not a currently consistent practice, the question of the degree of comparability between a biosimilar and the reference biopharmaceutical needs to be considered for market-access purposes in the EU. Even though the EMA has imposed regulatory requirements for the approval of biosimilars, it is our opinion that these requirements are inadequate for fully establishing the efficacy and safety of biosimilars. Furthermore, reimbursement authorities need to weigh savings arising from the lower price of a biosimilar against the impact of any differences between a biosimilar and its reference biopharmaceutical on the overall efficacy and total health-care costs of therapy. Regulatory, pricing, and reimbursement authorities should therefore seek more complete information, when carefully considering market access for biosimilars. Comparative studies need to be set up to collect the data necessary to follow up on and evaluate uncertainties surrounding the longer-term safety, effectiveness, and submit your manuscript | www.dovepress.com
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cost-effectiveness of a biosimilar, as compared to the current standard treatment.
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